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Background: In this prospective study we determine the diagnostic value of coronary CT angiography (CTA)
and calcium imaging in low to intermediate risk acute chest pain patients.
Methods: One hundred and eleven consecutive patients (57±11 years, 71 males) presenting to the emergen-
cy department with chest pain suggestive of acute coronary syndrome (ACS), but without indication for im-
mediate catheter angiography, underwent both coronary CTA and calcium imaging without disclosure of the
ﬁndings to the treating physicians.
Results: ACS was diagnosed in 19 patients (17%). Coronary calcium was present in 71 patients (64%). Coro-
nary CTA identiﬁed 74 (67%) patients with coronary plaque and 36 (32%) patients with obstructive
(≥50%) plaque. The sensitivity and speciﬁcity of the calcium scan were: 89% and 41%. The sensitivity and
speciﬁcity of coronary CTA were: 100% and 40% based on the presence of any plaque and 89% and 79%
based on the presence of >50% stenosis.
C-statistics of the GRACE risk score (0.77 [95% CI 0.66–0.89]) improved after addition of coronary CTA (0.93
[0.88–0.98], pb0.01), though not after addition of calcium scores (0.81 [0.71–0.91], p=0.52).
Follow-up at 3 months revealed four late revascularizations (no deaths or myocardial infarctions), all of
whom had obstructive CAD with calcium on CT at presentation.
Conclusions: Coronary CTA outperforms calcium imaging in the triage of patients suspected of developing
ACS. Absence of plaque on coronary CTA allows safe discharge. Coronary CTA has incremental value to clinical
risk scores and has the potential to reduce unnecessary hospital admissions.© 2012 Elsevier Ireland Ltd. All rights reserved.1. Introduction
Acute chest pain (ACP) represents a major diagnostic challenge in
emergency care [1]. The differential diagnosis is broad varying from
benign causes to life-threatening conditions. Observational studies
report that an estimated 2–8% of myocardial infarctions (MI) are mis-
sed [2,3]. Patients mistakenly discharged from the emergency depart-
ment have a worse prognosis than properly managed patients, partly
because of the risk for sudden death but also because of the delay in
implementing treatment known to be effective for acute coronary
syndrome (ACS) [2,4]. In fear of missing life-threatening conditions,
a large proportion of patients with ACP is admitted for clinical obser-
vation and serial testing to rule out ACS, of whom only a fraction turn
out to have a MI, resulting in substantial resource utilization.box 2040, 3000 CA, Rotterdam,
35482.
Ltd. All rights reserved.Coronary CT angiography (CTA) readily provides high quality non-
invasive images of the heart, great vessels, and coronary vasculature
[5,6]. While registry data is available, only a few blinded prospective
studies have evaluated the feasibility of coronary CTA in the emergen-
cy room so far, and none of these studies included a direct compari-
son of coronary CTA and calcium imaging. In this prospective study
we determine and compare the diagnostic value of coronary CTA
and calcium imaging in low to intermediate risk ACP patients.
2. Methods
2.1. Patient population
A consecutive cohort of patients without a history of coronary artery disease (myo-
cardial infarction or coronary revascularization) presenting to the emergency depart-
ment with chest pain during the past 24 h, suggestive of ACS, were planned to
undergo both coronary CTA and calcium imaging without disclosure of ﬁndings to
the treating physicians. Patients older than 40 years, without ST-segment elevation,
hemodynamic instability or highly elevated cardiac troponin (>0.15 μg/l) were eligible
for participation. Exclusion criteria included severe arrhythmia, impaired renal
Table 1
Baseline characteristics.
All
(n=111)
ACS+
(n=19)
ACS−
(n=92)
p value
Age (years) 57±11 61±11 56±10 0.06
Male gender 71 (64) 13 (68) 58 (63) 0.80
Smoking 47 (42) 8 (42) 39 (42) 1.00
Hypertension 68 (61) 11 (58) 57 (62) 0.80
Diabetes mellitus 23 (21) 7 (37) 16 (17) 0.07
Statin use 36 (32) 12 (63) 24 (26) 0.003
Family history 34 (31) 7 (37) 27 (29) 0.59
TIMI scorea 5 (5–8) 13 (8–13) 5 (5–8) b0.001
GRACE scoreb 5 (4–7) 8 (6–14) 4 (3–7) b0.001
Low 96 (87) 11 (58) 85 (93)
Intermediate 10 (9) 5 (26) 5 (5)
High 5 (5) 3 (16) 2 (2)
ICA performed 31 (28) 18 (95) 13 (14) b0.001
Calcium imaging
Calcium score 19 (0–195) 256 (63–721) 2 (0–123) b0.001
No detectable calcium 40 (36) 2 (11) 38 (41) 0.02
Coronary CT angiography
Plaque absent 37 (33) 0 37 (40)
Plaque present 74 (67) 19 (100) 55 (60) 0.001
Non-calciﬁed 6 (8) 3 (16) 3 (5)
Partially calciﬁed 43 (58) 14 (74) 29 (53)
Calciﬁed 23 (31) 2 (10) 21 (38)
Non-evaluable segment 2 (3) 0 (0) 2 (4)
≤20% stenosis 50 0 50 (54)
20–50% stenosis 25 2 (10) 23 (25)
50–70% stenosis 20 16 7 (37)
>70% stenosis 10 (53) 13 (14) 6 (7) b0.001
Unless otherwise speciﬁed, the data are presented as numbers of patients (percentage)
or mean±standard deviation. ICA = invasive catheter angiography.
a Risk of in hospital death, myocardial infarction or urgent revascularization, median
(inter-quartile range) [7].
b Risk of in hospital death or myocardial infarction, median (inter-quartile range) [8].
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7:00 h and 19:00 h.
Patient demographics, presence of risk factors and type of medical treatment were
prospectively collected and used to calculate traditional risk estimators (TIMI risk score
and the GRACE risk score) for the occurrence of in-hospital mortality or myocardial in-
farction [7,8].
Treating physicians were blinded to the results of cardiac CT imaging. The decision
to admit patients for observation, including serial ECGs and cardiac biomarkers was
clinically driven. Subsequent cardiac testing, i.e. exercise testing, stress perfusion imag-
ing or cardiac catheterization was performed at the clinician's discretion. The study
complies with the Declaration of Helsinki, the local ethics committee approved the re-
search protocol and all patients provided written informed consent.
2.2. Coronary computed tomography
A standard prospectively ECG-triggered axial coronary calcium scan was per-
formed with the following parameters: 120 kV tube voltage, 70 mAs tube current-
time product and 3-mm slice thickness. Quantiﬁcation was performed using the
Agatston method with a standard 130-HU attenuation threshold [9].
Coronary CTA was performed on a dual-source 128-slice (Siemens Deﬁnition
Flash, Forchheim, Germany) or a single-source 128-slice (Siemens Deﬁnition AS+,
Forchheim, Germany), depending on availability, using the spiral mode with ECG gat-
ing and ECG-modulated tube output modulation in 20, and prospectively ECG-
triggered axial imaging in 91 patients. Further scan parameters: 100–120 kV tube volt-
age, 320–370 or 160–188 mAs tube current-time product depending on patient size,
detector row width 0.6 mm, rotation times 280 and 300 ms, temporal resolutions 75
and 150 ms, respectively. Iopromide 90 to 100 ml (Ultravist 370 mgI/ml, Bayer
Schering Pharma, Berlin, Germany), followed by a 45 ml saline bolus chaser, was pe-
ripherally injected at 5.0 to 5.5 ml/s. A bolus tracking technique was used to synchro-
nize data acquisition with contrast delivery. Patients with high heart rates received
intravenous beta-blockade (n=36, metoprolol up to 10 mg), while sublingual nitro-
glycerin was administered routinely. Median effective radiation dose for coronary
CTA was 4.9 mSv (IQR 3.1–8.1) and for calcium scan 0.69 mSv (0.41–1.16).
Coronary branches were evaluated on axial images, multiplanar reformations, and
maximum intensity projections. The presence of coronary atherosclerotic plaque and
the degree of stenosis was determined using a 16-segment AHA classiﬁcation by two
experienced readers (AM, MO), who were blinded with regard to the patients' clinical
information, in a joint reading [10]. If consensus could not be reached, a third reader
was consulted.
Coronary atherosclerotic plaque was classiﬁed either as noncalciﬁed, partially cal-
ciﬁed or calciﬁed. Stenosis grade was quantiﬁed either as no stenosis, less than 20%,
20–50%, 50–70%, >70% stenosis or occluded.
Diagnostic accuracy for the calcium scan was calculated on a per-patient level using
the following threshold: absence vs. presence of any calcium. Diagnostic accuracy for cor-
onary CTA was calculated on a per-patient level using the following thresholds: presence
vs. absence of any plaque; presence of minimal plaque (b20% stenosis) vs. substantial
plaque (>20% stenosis) and the presence of non-obstructive plaque (≤50% stenosis) vs.
obstructive plaque (>50% stenosis). By intention to diagnose non-evaluable segments
on CT were classiﬁed positive for plaque and obstructive CAD.
2.3. Follow-up
Follow-up was performed at 3 months using a standardized telephone interview
or questionnaire for the occurrence of myocardial infarction and coronary revascular-
ization (percutaneous coronary intervention or coronary artery bypass graft surgery),
after consulting the national death registry (CBS). All events were conﬁrmed with
death records and medical records.
2.4. Clinical endpoints
Two cardiologists (KN, TG), blinded for the cardiac CT scan, independently
reviewed patient data and hospital records to establish clinical outcome. In case of dis-
agreement, consensus was reached by a joint reading. ACS was deﬁned as either a
myocardial infarction: myocardial ischemia resulting in a rise and fall of cardiac bio-
markers (>99th percentile of the upper limit of normal); or unstable angina: chest
pain with altered frequency or character, suspicious for ACS with documented ische-
mia on the ECG, stress testing or invasive angiography (ICA) [11,12]. At follow-up
major adverse cardiovascular events were deﬁned as cardiac death, non-fatal myocar-
dial infarction or revascularization.
2.5. Statistical analysis
Categorical variables are presented as proportions; continuous variables are
expressed as mean (±SD) or median (±IQR), as appropriate. Differences between inde-
pendent groups were compared using the 2-sided unpaired t test, chi-square test or
Wilcoxon rank-sum test, as appropriate. Differences between dependent groups were
compared using the paired t test,Wilcoxon rank-sum test orMcNemar's test, as appropri-
ate. Conventional parameters of diagnostic accuracy, i.e. sensitivity, speciﬁcity, positive
predictive value and negative predictive value, were calculated with their corresponding95% conﬁdence intervals. To account for the skewed distribution, calcium scores were
transformed by taking the natural logarithm of the calcium score +1.
Receiver operating characteristics (ROC)-curves with their corresponding areas
under the curve (i.e. c-statistic) were constructed to assess the discriminative perfor-
mance of the GRACE risk score alone and in combination with calcium scores or the de-
gree of stenosis on coronary CTA (0, b20%, 20–50%, 50–70% and >70%) on a per-
patient level.
To assess the potential impact of coronary CTA on clinical management in terms of
hospital admission and additional testing the following assumptions were made: 1) no
or minimal plaque (b20%) on a per-patient level allows for immediate discharge from
the emergency department, 2) an observation period with serial enzyme measure-
ments and ECG monitoring is needed in the presence of a 20–50% stenosis, 3) the pres-
ence of a 50–70% stenosis on CT requires stress testing, of whom eventually 50% will
ultimately require ICA, 3) ICA is required in the presence of a >70% stenosis. The num-
ber of admissions and investigations was compared to actual clinical management.
All probability values refer to 2-tailed tests of signiﬁcance; a value b0.05 was con-
sidered signiﬁcant.
Statistical analyses were performed using SPSS software (version 17.0, SPSS Inc,
Chicago, Ill).3. Results
Of the 191 patients who met the inclusion criteria; 39 patients had
contra-indication for CTA (20%), 25 were unwilling to participate
(13%), and in 10 patients (5%) the CT scan could not be performed be-
cause of claustrophobia (1), language problems (3) or unavailability
of the scanner (6). Scan failure occurred in 6 patients (5%), because
of severe patient movement (4), incorrect scan timing (1) and extrav-
asation of contrast media (1). Consequently, our study population
consisted of 111 patients (mean age 57±11 and 64% male; Table 1).3.1. Early clinical outcome
The diagnosis of ACS was established in 19 patients (17%): 13 had
myocardial infarction and 6 had unstable angina pectoris (Figs. 1 and 2).
Fig. 1. Clinical outcome in the study population.
Table 2
Diagnostic accuracies on a per-patient level of calcium imaging (no vs. any calcium)
and coronary CTA with different thresholds on a per-patient level: no plaque vs. any
detectable plaque; minimal (b20% stenosis) vs. substantial plaque (>20%) and non-
obstructive (b50% stenosis) vs. obstructive plaque (≥50% stenosis).
Test Sensitivity Speciﬁcity NPV PPV
Calcium 89 (65–98) 41 (31–52) 95 (82–99) 24 (15–36)
Any plaque 100 (79–100) 40 (30–51) 100 (88–100) 26 (17–37)
Minimal plaque
(>20%)
100 (79–100) 54 (44–65) 100 (91–100) 31 (20–44)
Stenosis (>50%) 89 (65–98) 79 (69–87) 97 (90–100) 47 (31–64)
Data presented as percentages with 95% conﬁdence intervals in parentheses. NPV =
negative predictive value, PPV = positive predictive value.
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risk, 5 (26%) intermediate risk and 3 (16%) high risk.
Seventy-nine patients were admitted for observation and 62
underwent stress testing. Based on the initial evaluation 31 (28%)
patients underwent ICA, followed by coronary artery bypass graft
surgery in two (2%), and percutaneous coronary intervention in 18
(16%) patients.
3.2. Diagnostic performance of the calcium scan
Coronary calcium was detected in 71 patients (64%), with a medi-
an Agatston score of 19 (IQR 0–195). ACS (1 MI; 1 UAP) was
established in 2/40 patients (5%) with a negative calcium scan: sensi-
tivity 89%, speciﬁcity 41% (Table 2).
3.3. Diagnostic performance of coronary CTA
Coronary plaque was present in 74 patients (67%, Table 1). None
of the 37 (33%) patients without plaque had ACS: sensitivity and neg-
ative predictive value of 100%. Speciﬁcity and positive predictive
values were lower: 40% and 26%, respectively. For the patients with
an ACS, the culprit lesion consisted of non-calciﬁed plaque in 3
(16%) patients, partially calciﬁed plaque in 14 (74%) patients and cal-
ciﬁed plaque in 2 (10%) patients. Five patients (5%) had one or more
non-evaluable segments and were classiﬁed as positive for obstruc-
tive CAD, of whom none experienced an ACS or a late adverse event.
Obstructive CAD (>50% diameter reduction) was present in 31
(28%) patients of whom 17 were diagnosed with ACS. The sensitivityFig. 2. Coronary CTA performed at the emergency department in a 46 year-old male
with acute anginal chest pain. Initial risk stratiﬁcation with GRACE risk score classiﬁed
this patient as low risk (in-hospital probability of death 0.2%). A. High grade stenosis of
the proximal LAD with post-stenotic dilatation. B–D. Axial views of the LAD (proximal,
local and distal to the plaque). E. This lesion was conﬁrmed on ICA (black arrowhead)
and subsequent percutaneous coronary intervention was performed.for this threshold was 89% and speciﬁcity 79%. Two patients with a
≤50% stenosis had a non-ST elevation myocardial infarction. The
characteristics of patients with ACS and no calcium or non-
obstructive plaque (b50%) are summarized in Table 3.
No or minimal plaque (b20% stenosis on a per-patient level) was
present in 50 patients (45%). Using absent or minimal plaque as the
discriminator, ACS could be diagnosed with a sensitivity of 100%
and speciﬁcity of 54%.
Receiver operating characteristics showed that combining the
GRACE risk score with coronary CTA improved the diagnostic accura-
cy (c-statistic of 0.93 [95% CI 0.88–0.98], pb0.01) compared to the
GRACE score alone (0.77 [0.66–0.89]; Fig. 3). In the case of calcium
scores, the additional value to the GRACE score was modest (0.81
[0.71–0.91] p=0.52).
Two patients had signiﬁcant non-cardiac disease twice (lung
malignancy and pulmonary embolism), which were disclosed to the
treating physician.
3.4. Late adverse events
After 3 months no deaths occurred in the entire group. Further
follow-up was complete for 109 patients (98%), of whom four (all
without an initial diagnosis of ACS) had undergone coronary revascu-
larization. The CT scan had shown obstructive disease at presentation,
as well as a positive calcium scan in all four cases. One patient with
earlier diagnosed ACS had a recurrent myocardial infarction and
another was hospitalized because of unstable angina pectoris.
3.5. Anticipated clinical impact of coronary CTA
Assuming that all patients with no or minimal plaque (b20% ste-
nosis on a per-patient level) can be discharged from the emergency
department, only 61 (55%) patients would have needed admission
(versus 78 (70%) in actuality, pb0.01). Stress testing in case of mod-
erately obstructive disease on CTA would be required in 20 (18%) pa-
tients (versus 62, pb0.01), while ICA was estimated to be performed
in 26 (23%) patients (versus 31, p=0.06), in case of >70% stenosis on
CTA or an abnormal stress test following an abnormal CT scan.
4. Discussion
The main ﬁndings of the this study are that 1) in patients at low to
intermediate risk the absence of coronary plaque on CTA excludes
ACS and seems to guarantee an event-free short-term outcome; 2)
because coronary CTA visualizes all plaques as well as the severity
of stenosis, it outperforms calcium imaging in terms of diagnostic ac-
curacy; 3) coronary CTA has incremental predictive value to tradi-
tional risk estimators; 4) coronary CTA has the potential to reduce
the number of unnecessary hospital admissions and stress tests; 5)
the use of contemporary scan techniques in this study resulted in a
lower radiation exposure in comparison to previous reports, without
compromise to image quality.
Table 3
Acute coronary syndrome in patients with no detectable calcium or non-obstructive (b50%) plaque.
Subject Initial ECG Initial Trop T CCS CTA Outcome Stress test ICA Peak Trop T
Woman
(49 yrs)
Non‐speciﬁc 0.05 0 LCX
50–70%
NSTEMI None LCX
>50%
0.08
Man
(46 yrs)
Minimal ST depression Normal 0 LAD
>70%
UAP Typical angina+ST elevation LAD
>50%
Normal
Woman
(60 yrs)
Non-speciﬁc T-wave changes 0.03 15 LCX
20–50%
NSTEMI None LCX
>50%
0.70
Man
(64 yrs)
Non‐speciﬁc T-wave changes 0.06 225 RCA
20–50%
NSTEMI None RCA
>50%
0.17
CCS = coronary calcium score, Trop T = troponin T (μg/l), ICA = invasive catheter angiography (degree of stenosis measured with QCA), LCX = left circumﬂex coronary artery,
LAD = left anterior descending coronary artery, RCA = right coronary artery, NSTEMI = non‐ST-elevation myocardial infarction, UAP = unstable angina pectoris.
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Proof of concept studies, using 64-slice scanners, showed very ac-
ceptable diagnostic accuracies for the detection of ACS [13]. Studies
that also included patients with a known history of CAD conﬁrmed
these results; however the positive predictive value was hampered
by blooming artifacts caused by stents, metal clips or highly calciﬁed
lesions [14]. In a comparison with stress nuclear imaging, CTA was at
least as effective in detecting or excluding ACS in low risk emergency
department patients [15]. However, for most of the earlier observa-
tions, CTA was performed as part of the clinical management, intro-
ducing an unavoidable selection bias. In 2009, Hoffmann et al.
published the ROMICAT study, which was performed in a low-risk
group of consecutive patients presenting with acute chest pain [16].
The authors demonstrated in a blinded manner excellent diagnostic
accuracy of coronary CTA, conﬁrming some early modestly sized
studies (Table 4). In our study, which also did not disclose CT results,
we could conﬁrm the good performance of coronary CTA in a Europe-
an clinical setting, in a population at higher risk. As in ROMICAT, the
absence of stenosis did not entirely exclude ACS in our population.
The absence of plaque did exclude ACS and was found in a third of
this high risk population. Our data show that ACS is also rare in pa-
tients with minimal plaque. Using this criterion, the speciﬁcity of
CTA can be improved without sacriﬁcing sensitivity.
Risk stratiﬁcation (GRACE or TIMI) is important to allow for those
at high risk to undergo early invasive therapy [17]. However, in ourFig. 3. ROC-curve of the GRACE risk score (c-statistic 0.77 [95% CI 0.66–0.89]). Addi-
tional value of calcium scores (c-statistic 0.81 [0.71–0.91], p=0.52) and the degree
of stenosis on coronary CTA (0, b20%, 20–50%, 50–70% and >70%) for identiﬁcation
of ACS (c-statistic 0.93 [95% CI 0.88–0.98], p>0.01).population more than half of the patients (58%) ultimately diagnosed
with ACS, would be classiﬁed as low risk using the GRACE score. Our
study demonstrates that coronary CTA, which showed plaque or ste-
nosis in all patients with ACS, has incremental value to traditional risk
stratiﬁcation, particularly in the low risk patients.
Because the absence of obstructive (epicardial) CAD despite ele-
vated cardiac markers is quite frequently encountered [18], and is
likely to increase in frequency with the introduction of high-
sensitive troponin essays [19], we allowed (stabilized) patients with
minor elevations of serum troponin T to undergo CT. While most of
these showed obstructive CAD (67%), or non-obstructive plaque
(22%), there was also one patient with left ventricular hypertrophy,
who presented with chest pain and slightly elevated troponins after
exercise, but had completely normal coronary arteries by angiogra-
phy (Fig. 4).
4.2. Coronary calcium imaging
Coronary artery calciﬁcation is considered to be a marker of athero-
sclerotic plaque [20,21]. Calcium imaging is a widely used diagnostic
modality and it has been studied extensively for improvement of risk
stratiﬁcation [22,23]. It is associated with minimal radiation exposure
and therefore often incorporated in scan protocols. However, whether
calcium imaging can reliably be used to exclude ACS in the emergency
department remains a subject of debate [24,25]. Several studies suggest
that noncalciﬁed plaques play an important role in ACS [26,27] but at
the same time there is evidence that a negative calcium scan in low
risk ED patients has excellent negative predictive value [28]. In our
study, we added a calcium scan to the CT protocol for direct comparison
with contrast-enhanced angiography. The absence of calcium did not
exclude ACS and its overall diagnostic performance was comparable
to the commonly used GRACE risk score (Fig. 3).
4.3. Clinical implications
In clinical practice, patients with no or minimal CAD (no more
than 20% stenosis plaque in one or more vessels) and resolved symp-
toms, which was nearly half of our population, could be safely dis-
charged from the emergency department. In case of mild disease
(20–50% stenosis) safe discharge is still possible after a short period
of observation and negative serial markers, without the logistic and
economic consequences of in-hospital stress testing and/or ICA.
Using contemporary high-sensitivity troponins this observation peri-
od could be as short as three hours [19]. Less than half of patients
with moderate CAD (50–70% stenosis) on CT angiography had ACS
and/or required a revascularization procedure. In these patients, an
observation period and a stress test should point out the need for
ICA in our opinion. Given the heterogeneous pathophysiology of
acute coronary disease, including spasm, emboli, resolved thrombus
and micro-vascular disease, it should be emphasized that clinical
management should not be dictated by a single test result [29].
Table 4
Earlier studies assessing the feasibility of coronary CTA in the emergency department, performed in a blinded manner.
Author N Outcome Age
(mean)
Male
(%)
Prevalence ACS (%) CTA threshold Sensitivity
(%)
Speciﬁcity
(%)
Soon et al. (2007) [34] 34 ICA/stress test 54 76 23 ≥50% 100 80
Ueno et al. (2009) [35] 36 ICA/stress test 66 53 31 ≥50% 92 83
Hoffmann et al. (2009) [16] 368 Clinical consensus 53 61 8 Any plaque 100 54
≥50% 77 87
Chow et al. (2010) [36] 55 ICA/stress test 53 58 25 ≥50% 86 93
Dedic et al. (2012) 111 Clinical consensus 57 64 17 Any plaque 100 40
≥50% 89 79
Data is presented as number of patients. ICA= invasive catheter angiography. Clinical consensus = consensus between two independent physicians after assessment of all available
clinical information and tests.
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The presented data are promising and conﬁrm previous studies.
Expectations of coronary CTA in the emergency room are high [30],
but largely based on registry data. However, before cardiac CT can
be recommended in general clinical guidelines its performance
needs to be compared to existing and emerging strategies for triage
of acute chest pain, including clinical decision algorithms, novel bio-
markers and other stress/imaging tests and should consider economic
consequences. Recently, Raff and colleagues published the results of
the multicenter CT-STAT trial, which compared the performance of
cardiac CT and nuclear imaging in very low risk patients, and demon-
strated that both tests safely rule out coronary artery disease with a
38% reduction in costs at the emergency room for cardiac CT as a
result of shorter length of stay [31]. Future research is needed to con-
ﬁrm whether these ﬁndings can be extrapolated to patients at higher
risk, in varying clinical settings and different standards of care.
4.5. Strengths and limitations
Strengths of our study are the blinded fashion in which the CT
scans were performed and reviewed and the absence of a veriﬁcation
bias. Radiation exposure remains an important limitation of cardiac
CT. The use of contemporary scan techniques in this study resulted
in a lower radiation exposure in comparison to previous reports,
without compromise to image quality.
It should be recognized that coronary CTA is useful for a selected
group of patients with ACP. In this study 25% of all eligible patients
could not participate because of CTA related exclusion criteria. InFig. 4. A 41 year-old woman presented with acute chest pain after exercise. Initial
work-up at the emergency department revealed abnormal troponins (0.10). A, B. Cor-
onary CTA showed no coronary artery disease. C, E. This was conﬁrmed on ICA. D. Fur-
ther diagnostic work-up with cardiac MRI showed left ventricular hypertrophy with
myocardial ﬁbrosis.addition, in 6 (5%) patients imaging acquisition failed, while 5 (5%)
patients had scan that was not reliably interpretable. While certain
contra-indications inherent to contrast-enhanced CT will remain,
growing experience with coronary CTA and ongoing scanner develop-
ment is expected to meet some of the present day challenges of imag-
ing patients in the emergency department.
Potential other limitations are the fact that the total population
size was relatively small, and enrolled at a single university medical
center. Clinical management was left to the discretion of the treating
clinicians, while ICA and intra-coronary imaging was not available for
the majority of patients. The projected effect on clinical management
should be regarded as hypothesis generating, and further investigated
in a formal randomized controlled clinical trial. New applications,
such as perfusion imaging and computational ﬂuid dynamics, are
developing rapidly, which may further contribute to the triage of
patients with acute chest pain [32,33].
Competing interests
None.
Funding
This research was supported by the Erasmus MC Fellowship.
Acknowledgments
The authors are grateful to the physicians, nursing staff and tech-
nicians of the Erasmus MC for their support and contribution to this
research, and the patients who were willing to participate in the
study. The authors of this manuscript have certiﬁed that they comply
with the Principles of Ethical Publishing in the International Journal of
Cardiology.
References
[1] Fruergaard P, Launbjerg J, Hesse B, et al. The diagnoses of patients admitted with
acute chest pain but without myocardial infarction. Eur Heart J 1996;17:1028–34.
[2] Pope JH, Aufderheide TP, Ruthazer R, et al. Missed diagnoses of acute cardiac is-
chemia in the emergency department. N Engl J Med 2000;342:1163–70.
[3] McCarthy BD, Beshansky JR, D'Agostino RB, Selker HP. Missed diagnoses of acute
myocardial infarction in the emergency department: results from a multicenter
study. Ann Emerg Med 1993;22:579–82.
[4] Lee TH, Rouan GW, Weisberg MC, et al. Clinical characteristics and natural history
of patients with acute myocardial infarction sent home from the emergency room.
Am J Cardiol 1987;60:219–24.
[5] Weustink AC, Meijboom WB, Mollet NR, et al. Reliable high-speed coronary com-
puted tomography in symptomatic patients. J Am Coll Cardiol 2007;50:786–94.
[6] Ueno K, Kawamura A, Onizuka T, et al. Effect of preoperative evaluation by
multidetector computed tomography in percutaneous coronary interventions of
chronic total occlusions. Int J Cardiol 2012;156:76–9.
[7] Antman EM, Cohen M, Bernink PJ, et al. The TIMI risk score for unstable
angina/non-ST elevation MI: a method for prognostication and therapeutic deci-
sion making. JAMA 2000;284:835–42.
[8] Granger CB, Goldberg RJ, Dabbous O, et al. Predictors of hospital mortality in the
global registry of acute coronary events. Arch Intern Med 2003;163:2345–53.
1602 A. Dedic et al. / International Journal of Cardiology 167 (2013) 1597–1602[9] Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte Jr M, Detrano R.
Quantiﬁcation of coronary artery calcium using ultrafast computed tomography.
J Am Coll Cardiol 1990;15:827–32.
[10] Austen WG, Edwards JE, Frye RL, et al. A reporting system on patients evaluated
for coronary artery disease. Report of the Ad Hoc Committee for Grading of Coro-
nary Artery Disease, Council on Cardiovascular Surgery, American Heart Associa-
tion. Circulation 1975;51:5–40.
[11] Authors/Task Force M, Hamm CW, Bassand JP, et al. ESC Guidelines for the man-
agement of acute coronary syndromes in patients presenting without persistent
ST-segment elevation: the task force for the management of acute coronary syn-
dromes (ACS) in patients presenting without persistent ST-segment elevation of
the European Society of Cardiology (ESC). Eur Heart J 2011;32:2999–3054.
[12] Gibler WB, Cannon CP, Blomkalns AL, et al. Practical implementation of the guide-
lines for unstable angina/non-ST-segment elevation myocardial infarction in the
emergency department: a scientiﬁc statement from the American Heart Association
Council on Clinical Cardiology (Subcommittee on Acute Cardiac Care), Council on
Cardiovascular Nursing, and Quality of Care and Outcomes Research Interdisciplin-
aryWorking Group, in CollaborationWith the Society of Chest Pain Centers. Circula-
tion 2005;111:2699–710.
[13] Rubinshtein R, Halon DA, Gaspar T, et al. Usefulness of 64-slice cardiac computed
tomographic angiography for diagnosing acute coronary syndromes and
predicting clinical outcome in emergency department patients with chest pain
of uncertain origin. Circulation 2007;115:1762–8.
[14] van Velzen JE, de Graaf FR, Kroft LJ, et al. Performance and efﬁcacy of 320-row com-
puted tomography coronary angiography in patients presenting with acute chest
pain: results from a clinical registry. Int J Cardiovasc Imaging 2012;28:865–76.
[15] Gallagher MJ, Ross MA, Raff GL, Goldstein JA, O'Neill WW, O'Neil B. The diagnostic
accuracy of 64-slice computed tomography coronary angiography compared with
stress nuclear imaging in emergency department low-risk chest pain patients.
Ann Emerg Med 2007;49:125–36.
[16] Hoffmann U, Bamberg F, Chae CU, et al. Coronary computed tomography angiog-
raphy for early triage of patients with acute chest pain: the ROMICAT (Rule Out
Myocardial Infarction using Computer Assisted Tomography) trial. J Am Coll Car-
diol 2009;53:1642–50.
[17] Hamm CW, Bassand JP, Agewall S, et al. ESC Guidelines for the management of
acute coronary syndromes in patients presenting without persistent ST-segment
elevation: the task force for the management of acute coronary syndromes
(ACS) in patients presenting without persistent ST-segment elevation of the
European Society of Cardiology (ESC). Eur Heart J 2011;32:2999–3054.
[18] Early effects of tissue-type plasminogen activator added to conventional therapy
on the culprit coronary lesion in patients presenting with ischemic cardiac pain at
rest. Results of the Thrombolysis in Myocardial Ischemia (TIMI IIIA) Trial. Circula-
tion 1993;87:38–52.
[19] Reichlin T, Hochholzer W, Bassetti S, et al. Early diagnosis of myocardial infarction
with sensitive cardiac troponin assays. N Engl J Med 2009;361:858–67.
[20] Greenland P, Bonow RO, Brundage BH, et al. ACCF/AHA 2007 clinical expert consen-
sus document on coronary artery calcium scoring by computed tomography in glob-
al cardiovascular risk assessment and in evaluation of patients with chest pain: a
report of the American College of Cardiology Foundation Clinical Expert Consensus
Task Force (ACCF/AHA Writing Committee to Update the 2000 Expert Consensus
Document on Electron Beam Computed Tomography) developed in collaboration
with the Society of Atherosclerosis Imaging and Prevention and the Society of Car-
diovascular Computed Tomography. J Am Coll Cardiol 2007;49:378–402.
[21] Chironi G, Simon A, Megnien JL, et al. Impact of coronary artery calcium on cardio-
vascular risk categorization and lipid-lowering drug eligibility in asymptomatic
hypercholesterolemic men. Int J Cardiol 2011;151:200–4.[22] Tenenbaum A, Shemesh J, Koren-Morag N, et al. Long-term changes in serum
cholesterol level does not inﬂuence the progression of coronary calciﬁcation. Int
J Cardiol 2011;150:130–4.
[23] Kitagawa T, Yamamoto H, Horiguchi J, et al. Effects of statin therapy on
non-calciﬁed coronary plaque assessed by 64-slice computed tomography. Int J
Cardiol 2011;150:146–50.
[24] Gottlieb I, Miller JM, Arbab-Zadeh A, et al. The absence of coronary calciﬁcation
does not exclude obstructive coronary artery disease or the need for revasculari-
zation in patients referred for conventional coronary angiography. J Am Coll Car-
diol 2010;55:627–34.
[25] Dedic A, Rossi A, Ten Kate GJ, et al. First-line evaluation of coronary artery disease
with coronary calcium scanning or exercise electrocardiography. Int J Cardiol
2013;163:190–5.
[26] Takaoka H, Ishibashi I, Uehara M, Rubin GD, Komuro I, Funabashi N. Comparison
of image characteristics of plaques in culprit coronary arteries by 64 slice CT
and intravascular ultrasound in acute coronary syndromes. Int J Cardiol
2012;160:119–26.
[27] Motoyama S, Kondo T, Sarai M, et al. Multislice computed tomographic character-
istics of coronary lesions in acute coronary syndromes. J Am Coll Cardiol 2007;50:
319–26.
[28] Nabi F, Chang SM, Pratt CM, et al. Coronary artery calcium scoring in the emergency
department: identifying which patients with chest pain can be safely discharged
home. Ann Emerg Med 2010;56:220–9.
[29] Skinner JS, Smeeth L, Kendall JM, Adams PC, Timmis A, Chest Pain Guideline
Development G. NICE guidance. Chest pain of recent onset: assessment and diag-
nosis of recent onset chest pain or discomfort of suspected cardiac origin. Heart
2010;96:974–8.
[30] Taylor AJ, Cerqueira M, Hodgson JM, et al. ACCF/SCCT/ACR/AHA/ASE/ASNC/
NASCI/SCAI/SCMR 2010 appropriate use criteria for cardiac computed tomogra-
phy. A report of the American College of Cardiology Foundation Appropriate Use
Criteria Task Force, the Society of Cardiovascular Computed Tomography, the
American College of Radiology, the American Heart Association, the American
Society of Echocardiography, the American Society of Nuclear Cardiology, the
North American Society for Cardiovascular Imaging, the Society for Cardiovascu-
lar Angiography and Interventions, and the Society for Cardiovascular Magnetic
Resonance. J Am Coll Cardiol 2010;56:1864–94.
[31] Goldstein JA, Chinnaiyan KM, Abidov A, et al. The CT-STAT (Coronary Computed
Tomographic Angiography for Systematic Triage of Acute Chest Pain Patients to
Treatment) Trial. J Am Coll Cardiol 2011;58:1414–22.
[32] Ko BS, Cameron JD, Meredith IT, et al. Computed tomography stress myocardial
perfusion imaging in patients considered for revascularization: a comparison
with fractional ﬂow reserve. Eur Heart J 2012;33:67–77.
[33] Koo BK, Erglis A, Doh JH, et al. Diagnosis of ischemia-causing coronary stenoses by
noninvasive fractional ﬂow reserve computed from coronary computed tomo-
graphic angiograms results from the prospective multicenter DISCOVER-FLOW
(Diagnosis of Ischemia-Causing Stenoses Obtained Via Noninvasive Fractional
Flow Reserve) study. J Am Coll Cardiol 2011;58:1989–97.
[34] Soon KH, Kelly AM, Cox N, et al. Practicality, safety and accuracy of computed
tomography coronary angiography in the evaluation of low TIMI-risk score
chest pain patients: a pilot study. Emerg Med Australas 2007;19:129–35.
[35] Ueno K, Anzai T, Jinzaki M, et al. Diagnostic capacity of 64-slice multidetector
computed tomography for acute coronary syndrome in patients presenting with
acute chest pain. Cardiology 2009;112:211–8.
[36] Chow BJ, Joseph P, Yam Y, et al. Usefulness of computed tomographic coronary
angiography in patients with acute chest pain with and without high-risk fea-
tures. Am J Cardiol 2010;106:463–9.
